White Leghorn females from 7 sire families segregating at the sex-linked dwarf locus (Dw and dw) were studied in individual cages at moderate (13-23 °C) 
1. Adult body weight in dwarfs was 38 p. 100 lower than that of normals in control and 32 p. 100 in heated group whereas food consumption of dwarfs was respectively 36 and 37 p. 100 less than of normals in control and in heated group.
2. Reduction of egg number from age at first egg to 39th week of age in dwarfs was 20 and 41 p. 100 of normals in control and heated group respectively. Total egg mass per 28 days in dwarfs was reduced by 34 p. 100 as compared to normals in control group and by 37 p .100 in heated group. dw/Dw egg weight ratio increased from 0.85 to 0.89 from 27th to 39th week of age. During the first 7 weeks of laying in control group p. 100 double yolk, soft and broken eggs were highly significantly lower in dwarfs ; in both groups clutch size was significantly lower, but days of laying pauses were not significantly higher.
3. Age at sexual maturity in dwarfs was only one day later than for normals (156 v. 155) in control group while in heated group and unusual delay of sexual maturity in both normal and dwarfs was observed which appears to be due to an effect other than heat (201 and 182 days for dwarfs and normals respectively).
4. Egg shell thickness was lower for dw hens in both environments, the difference being higher and highly significant in heated group. 5. A very highly significant effect of genotype was observed in rectal temperature in both control and heated group, dwarf having a lower rectal temperature than normals. 6. A very significant effect of genotype and sire family was observed in plasma uric acid measured at 39 weeks in heated group. The difference between genotypes was in the same direction (higher value for dwarfs) but comparatively less than that observed at 18 weeks. Mean level of plasma uric acid at 39 weeks was increased compared to that at 18 weeks.
7. Phenotypic correlations of egg shell traits with body weight, observed food consumption, egg mass, egg number and clutch size were all positive and mostly significant in dwarfs while they are unsignificant and generally negative in Dw genotype.
Introduction
Utilization of the sex linked dwarf gene in layer populations appears to be a subject of controversy. FRENCH & N ORDSKOG (1973) state that better feed efficiency should be searched by selection for low body weight in conventional hens whereas B ERNIER & A RSCOTT (1972) think that improvements already obtained justify the pursuit of selection of dw « mini birds !. ME R nT et al. (1974) , SE LVARAJAH (1974) and H ORST & P ETERSEN (1978) suggest that dwarf hens can be at an advantage in hot climates. From this point of view, B ANERJEE et al. (1981) observed that studies are needed on the effect of the dwarf gene on feed efficiency, egg production, egg and physiological traits in layer populations reared from the beginning under hot environmental conditions. The realization of such conditions represents part of the present paper, the main purpose of it being to evaluate effects of the dw gene on production and physiological traits of laying hens in a small-sized Leghorn strain.
Material and methods
-Experimental birds and conditions
The birds used and the experimental conditions up to the age of 18 weeks have been described earlier (B ANERJEE et al., 1981 (1973) found that the percentage difference in body weight between adult dwarfs and nondwarfs was nearly proportional to the difference in feed consumption and FRENCH & N ORDSKOG (1973) observed that dwarf pullets weighing 25 p. 100 less than nondwarfs consumed 19 p. 100 less feed. In our case the observed feed consumption of dwarfs in control group was less reduced by about 3 p. 100 compared to their body weight reduction while in heated group feed consumption was more reduced by about 5 p. 100 compared to body weight reduction. This relatively higher reduction in feed consumption compared to body weight reduction in dwarfs in our heated group seems mainly to be due to the considerably lower egg production in dwarfs compared to normal in this group. In a previous experiment (ME heat cauded a relatively higher reduction in food consumption in normales compared to dwarfs.
The significantly lower R (residual food consumption) at 5 p. 100 level in dwarfs in heated group (joined to the fact that in both groups R was positive in Dw and negative in dw genotype), suggests a better feed efficiency of dwarfs at higher temperature and possibly also at moderate temperature. This was not found in the report of P ROD ' HOMME & M ÊRAT (1969) in a population of larger body size. The highly significant sire family effect for residual feed consumption in control and in heated group, observed in our study, has also been reported by B ORDAS & ME RAT (1981) . This sire family effect on R may suggest a possible improvement of this trait through sire family selection. On the other hand, it must be mentioned that r 2 (the square of the correlation coefficient between observed and estimated individual food consumption) in our study was in the order 95-96 p. 100 as also observed by N ORDSKOG (1973) in white Leghorn. In brown-egg stock MF RAT et al. (1974, 1980) , B ORDAS & ME RAT (1976, 1981) Previously MF RAT (1970, 1972) compared egg traits of dwarf and normal hens and reported no difference in yolk/albumen ratio as observed here in control group.
A reduction in .egg shell thickness was present for dwarfs, relatively higher in heated group, and the difference between genotypes was very highly significant in this group and at 5 p. 100 level in control group. While sire family effect was significant at 5 percent in both control and heated group, interaction was only significant in the latter group. There was no significant difference between genotypes for percent egg shell but in heated group dwarfs have lower and in control group higher percent egg shell compared to normals. Sire family effect was highly significant only in control group. Percent double yolks, soft and broken eggs during the first 7 weeks of laying were very highly significantly lower and percent blood spots was lower at 5 p. 100 level in dwarfs in control group. In heated group it is recalled that these traits were not measured due to the delay in sexual maturity. Percent broken eggs in dwarfs from 27th to 30th week was higher in heated and lower in control group compared to normals, though not significantly different.
In previous experiments, a lower egg density in Leghorn dwarf hens was reported by B ERNIER & A RSCOTT (1960) and in an experimental cross by G LEICHAUF (1974) . While these reports correspond with the present one, ME RAT (1972) As has been already reported (B A NERJE E et al., 1981) a highly significant increase in plasma uric acid at 18 weeks of age was observed in heated compared to normal group. A very highly significant difference between genotypes, dwarfs ranking higher than normals, appeared in both groups, although the mean difference was less in heated group. As mentioned also in the same paper, plasma glucose at 18 weeks was slightly less in dwarfs than in normals and also in heated. group compared to control group, although this was not significant. Plasma uric acid at 39 weeks of age, measured only in heated group, was also highly significantly different between genotypes, but this difference was comparatively less than at 18 weeks Sire family effect which was non significant at 18 weeks was highly significant for plasma uric acid at 39 weeks. From 18 to 39 weeks level of plasma uric acid increased but the increase in dwarfs was considerably lower than in normals. Increase of plasma uric acid with age has already been reported in the literature (BELL & FREEMANN, 1971 ).
Water intake in dwarfs was reduced by about 30 p. 100 in heated group in comparison with normals. As reduction in observed food consumption by dwarfs was 37 p. 100, the ratio of water to food consumption was higher in dwarfs. On the other hand, dry matter in feces was significantly lower in dwarfs at 0.1 p. 100 level while percent moisture in feces was significantly lower for this genotype at 1 p. 100 level. Genotype X family interactions for the latter two characters were also significant at 5 p. 100 level. There is an apparent discrepancy between the afore-mentioned higher ratio of water to food consumption, and the lower moisture percent in excreta for dw hens. This discrepancy remains to be explained.
B. Phenotypic correlations
In the following, at the first place correlations are compared for dwarf and for normal hens. In addition, significant correlations which are common to both genotypes will be commented. Finally, possible effect of treatment on certain correlations will be discussed, but in view of the wide difference between the two environments for some traits like age at first egg, this will concern traits not associated with the former. a) Effect of genotype at the Dw locus on phenotypic correlations Tables 5 and 6 show that within each treatment a number of correlations are significantly heterogenous between the Dw and dw genotypes. For most of these correlations it is possible to pool environments and to obtain an unique estimate for each genotype. Part of these pooled estimates are no more significantly different between Dw and dw birds. In such cases, the meaning of a significant between genotypes heterogeneity found in only one environment is not clear and may be due to sampling, so that it is safe to wait for further data before proposing any interpretation.
Conversely, some correlation estimates remain significantly different between Dw and dw hens after pooling treatments (table 7) .
The interpretation of differences between the dwarf and normal genotypes for most cases is not clear. The most clear-cut differences concern the trait, egg shell thickness and to some extent also shell percentage. Among normal-sized (Dw) hens, shell thickness is slightly negatively correlated with all traits concerning body weight, egg mass and egg number. On the contrary, for dw hens, there is a clear positive correlation with the same traits. The tendency, although less marked, is the same for shell percent. The same can be said for the correlations of egg shell thickness with plasma uric acid at 18 weeks of age, showing in both control and heated group a higher value for dw hens.
It may be suggested that for those dw hens, which have a lower food consump! tion on average, calcium is a more limiting factor than for their normalsized sisters, so that dwarfs with higher food intake (and correlated traits such as body weight and egg laying) are able to produce thicker shells. This seems to be confirmed by the fact that partial correlations of shell traits with either body weight, egg mass or egg number with fixed food intake among dw hens are not significant : for instance, the corresponding values for egg shell thickness are respectively + 0.05, + 0.14 and -0.07 (N.S.).
It does not seem that such positive correlations between egg shell traits and food intake and egg production were observed previously in dwarf stocks. The present result may be due to especially small size of dw hens in our Leghorn strain.
On the contrary, in a previous publication (M ÊRAT , 1969) in a medium-sized strain, a positive correlation was observed on dwarf hens and not on their normal counterparts, between egg production and adult body size. This was confirmed in more recent years on the same stock (unpublished data). This trend seems to be present here only in the control group, not in the « heated group. However, in this last group delay in sexual maturity may have obscured this tendency. 
